Introduction
Hypertrophic cardiomyopathy (HCM) is frequently associated with muscular left ventricular outflow obstruction (LVOTO) and then termed hypertrophic obstructive cardiomyopathy (HOCM). The severity of obstruction is a risk factor for death and symptomatic deterioration. 1 In the American Heart Association (AHA) guidelines, surgical myectomy is considered the gold standard management for symptomatic HOCM resistant to medical therapy. 1 Short atrioventricular (AV) delay pacing in DDD-mode also provides haemodynamic and symptomatic improvement. [2] [3] [4] There are no randomized controlled studies comparing surgical myectomy with short AV delay pacing. Published long-term follow-up studies all arise from highly specialized tertiary centres and do not have comparison groups with similar age profile. 5, 6 We have therefore assessed survival and eventfree survival stratified for treatment mode in a total geographical cohort of HOCM-patients.
Methods
Cardiac care for the 1.6 million inhabitants of the West Götaland Region in Sweden is provided by 10 hospitals (The Sahlgrenska, Ö stra, Mölndal, Uddevalla, Trollhättan, Skövde, Lidköping, Alingsås, Borås, and Kungälv Hospitals), supplying adult cardiological services for separate districts. Cardiac surgery was carried out at the Sahlgrenska University Hospital, Gothenburg, and short AV delay pacing was also undertaken in Uddevalla, Trollhättan, and Skövde hospitals. We searched all hospital diagnostic databases for all patients attending adult hospital services from January 2002 through December 2013 with diagnostic codes relating to HCM and to myectomy. In addition, we identified 10 patients who had myectomy after infancy but <18 years of age, but who at last follow-up were adults (n = 6) or teenagers (n = 4). All hospital records were reviewed onsite by two investigators (D.J. and I.Ö .S.) to identify those with primary HCM and some degree of LVOTO. Vital status was censored on 28 February 2015. The diagnosis of HCM was based on two-dimensional echocardiographic demonstration of a hypertrophied (wall thickness > _ 15 mm) and non-dilated left ventricle (LV) in the absence of another disease capable of producing the magnitude of hypertrophy present. 7 Clinical features and electrocardiography (ECG) and ultrasound measurements were documented at pre-procedure, and at last follow-up visit, as well as medical therapy and interventional procedures during follow-up.
Patients were classified as HOCM if they had an LVOTO pressure gradient of > _30 mm Hg at rest. 7 During the study period, 1141 patients with primary HCM were identified. LVOTO at rest (HOCM) was present in 251 (22%) patients, 128 male and 123 female, with a mean follow-up time of 14.4 (SD ± 8.9) years from the time of original diagnosis. All patients were initially treated medically, and 121 patients remained on medical therapy only (Conservative group). Of those having insufficient control of gradients or symptoms on medical therapy, 88 patients were treated with short AV delay pacing, and 42 patients underwent a surgical myectomy ( Table 1 ). The first choice of intervention for patients <18 years of age was myectomy. However, four patients (all now adults) received pacing therapy <18 years of age: in patients aged 13-17 years where an ICD was indicated (three primary, one secondary prophylaxis) and the ICD also was used for short AV delay pacing (two of four had unsatisfactory results from a prior myectomy). For patients aged > _18 years, first-line procedure was determined by the responsible physician and patient preference.
Dual-chamber permanent pacemakers were implanted with fluoroscopy and echocardiography verification that the ventricular electrode tip was placed optimally in the apex of the right ventricle. Atrioventricular delay was set under ECG control to ensure abolition of spontaneous conduction and then evaluated by echocardiography to obtain maximal LVOT gradient reduction without deterioration of diastolic filling. 3 Septal myectomy was performed as described by Robbins and Stinson. 8 No patients were lost to follow-up, as all inhabitants in Sweden are provided with a unique personal identification number; all death certificates were obtained to establish the causes of death. The primary endpoint was disease-related death (henceforth: 'cardiac mortality'), in which we included death due to heart failure, arrhythmia, death-certificate classified sudden deaths, bacterial endocarditis (n = 1), fatal strokes in patients with atrial fibrillation and due to embolism from a presumed cardiac source, and cardiac transplantation that was considered a death equivalent. The secondary endpoint was reintervention for residual LVOTO. The study complies with the Declaration of Helsinki and was approved by local ethics committee of the University of Gothenburg (Ö S no 1012-12).
Statistical analysis
Parameters without normal distribution are represented with median [interquartile range (IQR)] in Tables 1-4 and normally distributed by mean ± standard deviation. Statistical comparisons were performed by the Mann-Whitney U test for continuous measures, and by the
What's new?
• This is the largest study so far with very long-term results after short atrioventricular (AV) delay pacing therapy, with 100% complete follow-up and comparison with surgical myectomy patients in the same geographical cohort.
• Long-term survival after pacing is not inferior to that after myectomy.
• Gradient control is maintained long-term after pacing, and New York Heart Association class improved to the same degree as after myectomy.
• Pacing therapy was equally effective in patients aged 13-64 years as in the > _65-year-old age group.
• The rate of reintervention for recurring outflow tract obstruction in our patient cohort was significantly higher after myectomy than after pacing therapy in patients > _18 years at the procedure.
• Currently, short AV delay pacing has been relegated to a lastchoice option in international guidelines. We believe that this is not justified on available evidence and that the procedure should still be considered a valid first-line option even in patients <65 years of age, particularly if an implantable cardioverter defibrillator implantation is planned.
Fisher's exact test and the v 2 test for categorical measurements as appropriate. Paired data were analysed by Wilcoxon signed rank test. Survival and hazard of reintervention were analysed by the Kaplan-Meier curves and log-rank test. All tests were two sided, and P-values <0.05 were considered statistically significant. Analysis was carried on SPSS software (version 22.0; IBM Corp., Armonk, NY, USA).
Results

Baseline characteristics
There was no significant gender imbalance between treatment groups ( Table 1) . Myectomy patients were nearly 25 years younger than patients treated with medical therapy alone and patients receiving pacemaker treatment (P < 0.001). Thus, the myectomy group contains many patients with early onset of obstruction. The conservatively treated group on the other hand had a comparable age profile with the pacing group, although it has less severe septal hypertrophy (P = 0.031) and left atrial enlargement (P = 0.001) compared with the pacing group, so probably contains milder cases. The LVOT gradients at rest were comparable between myectomy and pacing groups but significantly lower in the conservative group when compared with myectomy group. Septal hypertrophy was slightly more pronounced in the group treated with pacing, and LV enddiastolic diameter and left atrial diameter significantly greater than in both myectomy group and conservative group. The New York Heart Association (NYHA) class at diagnosis tended to be worse in the pacing group compared with the myectomy group (P = 0.05). One difference between the patients who did not need to proceed to an intervention procedure and the two interventional groups was that the group for whom medical treatment sufficed had significantly higher initial beta-blocker dose (expressed in metoprolol equivalents), median 200 mg metoprolol daily vs. 100 mg daily (P = 0.002), when compared with interventional groups combined, and P = 0.017 compared with the pacing group. Verapamil doses did not differ between groups.
Effect of therapy
Values are shown in Table 2 and are considered group by group below. In the total cohort, there were 65 disease-related deaths (cardiac mortality), and 25 non-cardiac deaths from unrelated causes. Mean duration of post-procedure follow-up was similar in both intervention groups ( Table 2 ).
Conservative group
There was significant improvement in NYHA class (P = 0.006) and significant reduction in LVOT gradient at last follow-up to a median of 23 (42) mm Hg (P < 0.001). Nevertheless, some patients had suboptimal results and 29 of 121 had gradients of >50 mm Hg at last 
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69 (15) 69 (16) 68 ( Short AV delay pacing in HOCM follow-up. There was no reduction in ventricular hypertrophy. Left ventricular-end-diastolic diameter remained unchanged, but left atrial size increased (P < 0.001). Proportion receiving beta-blocker therapy increased from 73% to 88%, other medication is detailed in Table 2 . The conservatively treated group had freedom from cardiac death of 94%, 82%, and 73% respectively (see Figure 1 ) at 5, 10, and 20 years, and the survival is no different from the intervention groups on log--rank testing (P = 0.51 pacing/conservative; P = 0.39 myectomy/ conservative).
Short atrioventricular delay pacing
Short atrioventricular (AV) delay pacing also improved the NYHA class significantly (P < 0.001) and achieved good long-term relief of LVOTO in the majority of the patients (median 14 mm Hg). In 96.6% of patients, this was achieved at the initial procedure. Residual gradients during follow-up (range 50-120 mmHg) required a further intervention on the LVOT in 3 of 88 patients [3.4%; 1 myectomy, 2 alcohol septal ablation (ASA)]. None of those were among the four patients between 13 and 17 years of age, where final follow-up gradients were 4, 4, 10, and 16 mmHg, respectively. In the total pacing cohort, 17% had a gradient > _50 mmHg at last follow-up, mostly very elderly [median age 82 (IQR 25) years], and 47% had atrial fibrillation rendering consistent pre-excitation of the ventricle difficult. Septal hypertrophy was significantly reduced (P = 0.012). Left ventricular end-diastolic diameter was unchanged, but left atrial size increased (P < 0.001). Beta-blocker use increased from 67% to 85% during follow-up. Post-procedural annual sudden death mortality was 0.28%. In a previous study, it was suggested that the beneficial effect of pacing occurs only in patients >65 years of age, 9 and in year-olds (P = 0.0028). Beta-blocker treatment from diagnosis was more common in the younger group (P = 0.023), and a higher dose was used (P < 0.001), but at last follow-up, beta-blocker use had increased in the older pacing group and the difference was no longer significant. In both age groups, there were significant improvements after pacing in both outflow tract gradients (P < 0.001 for both) and NYHA class (P < 0.001 for both). Final results in the <65 year-old group was a median gradient of 12 (20) mmHg, and only 9.5% had residual gradient > _50 mmHg. Thus treatment effect was in no way inferior in <65-year-olds. Unsurprisingly, cardiac mortality was significantly lower in the younger group on log-rank testing (P = 0.006), with post-procedural annual cardiac mortality of 1.3% vs. 3.6%, and annual sudden death mortality of 0.16% and 0.43%, respectively. Freedom from cardiac death post-procedure at 5, 10, and 20 years were 93%, 80%, and 56%, respectively, in the whole pacing group, but in <65-year-olds 10-year freedom was 86%. Corresponding all-cause survival were 91%, 70%, 37% in the whole group and 10-year survival in <65-year-olds 83%.
Myectomy group
Myectomy group also improved the NYHA class significantly (P = 0.011), and final reduction in outflow gradient (though in some cases only after reintervention) was good, median 11 (16) mmHg (P = 0.003), see Table 2 . Patients treated with myectomy were much younger than the pacing group at the procedure. During follow-up, 9 of 42 patients in the myectomy group had a recurrence of outflow gradient (range 60-110 mmHg) and required a further LVOT intervention to obtain that final result (5 repeat surgery, 1 ASA, and 3 short AV delay pacing). At last follow-up, 14% had remaining gradient > _50 mmHg. Septal thickness did not change significantly, but posterior wall thickness showed a significant decrease (P = 0.003). Left ventricular end-diastolic diameter (P = 0.002) and left atrial enlargement (P = 0.015) increased. Beta-blocker use increased from 76% to 83%. Annual cardiac mortality post-first myectomy was 2.8%, and postprocedure annual sudden death mortality was 0.92% in total myectomy group. Freedom from cardiac death post-procedure at 5, 10, and 20 years were 93%, 93%, and 57%, respectively, in the myectomy group (log-rank pacing/myectomy P = 0.43) and all-cause survival was 88%, 88%, and 51%, respectively.
Inter-group comparisons
All three groups showed some reduction in initial systolic hypercontractility as measured by ejection fraction ( Table 2 ). The conservative group had less good final reduction of outflow gradient compared both with pacing group (P = 0.013) and myectomy group (P = 0.003) and was the only group not showing some significant reduction in hypertrophy. All three groups, however, developed increasing left atrial enlargement over time. Disopyramide therapy was used in a higher proportion in myectomy group (24%) than in pacing group (7%; P = 0.016). Survival after time of diagnosis, which for the intervention groups is longer than post-procedural survival, is illustrated in Figure 1 for all treatment groups (log-rank P = 0.39-0.71).
Inter-group comparison of patients adult at procedure
Four of those nine requiring reintervention after myectomy had the initial procedure at age <18 years. We therefore decided to focus any comparisons on outcome after pacing and surgery on patients aged > _ 18 years at procedure ( Table 4) . In patients adult at myectomy repeat surgery for recurring LVOTO occurred in 4 of 32 (12.5%) during the first 5 years of follow-up with an additional one later giving median reintervention time of 1.9 years (range 0.5-9.5 years) later, a total surgical reoperation rate of 15.6%. In pacing > _18 years group (n = 86), three reinterventions were required after 1.4-5.1 years, one myectomy, and two ASA procedures, with a total reintervention rate of 3.5%. A Kaplan-Meier analysis of hazard of reintervention in those groups confirms a significantly higher hazard in the adult myectomy group (P = 0.007).
Comparison between short atrioventricular delay pacing and myectomy therapy in patients of similar age range
It is noteworthy that the <65 years pacing group (Table 3 ) had a similar median age at procedure as the > _18 years myectomy group (Table 4 ; 51.5 years vs. 49.0 years), and thus the most relevant mortality comparisons are between those two groups with <65 years pacing group having post-procedural cardiac annual mortality rate of 1.3% and post-procedural sudden death mortality rate of 0.28%, and the > _18 years myectomy group having post-procedural cardiac annual mortality rate of 2.2% and sudden death mortality rate of 0.48%. Figure 2 shows the result on outflow gradients after the first procedure, prior to any reintervention, with total pacing group compared to similar age profile conservative group and > _18 years myectomy group compared with <65 pacing group. There is no difference Figure 1 Kaplan-Meier survival curves of cardiac mortality (according to the defined primary endpoints in Methods) from diagnosis in the total cohort of HOCM patients managed. Conservative group (blue), short atrioventricular delay pacing (green), and myectomy (red). N at risk refers to number of patients left in KaplanMeier curve. As myectomy group is 25 years younger at the time of diagnosis, the lower attrition rate during early follow-up is to be expected but rapidly increases during later follow-up.
Short AV delay pacing in HOCM in relief of LVOTO between myectomy and pacing group (P = 0.89), but the conservative group has less good relief (P = 0.028).
Discussion
Surgical septal myectomy has long been considered the gold standard treatment for patients with HOCM that have severe remaining symptoms or significant LVOTO in optimal medical therapy. 1, 5, 6 In 1992, it was shown that the outflow gradient in HOCM patients could be significantly reduced by short AV delay pacing, 2 and a non-randomized study with 84 patients confirmed significant benefit on gradient and NYHA functional class. 3 Subsequently, a European multicentre double-blind cross-over trial in 83 patients of active vs. inactive short AV delay pacing demonstrated that active pacing was associated with a significantly lower outflow gradient, reduction in symptoms, and improved NYHA class and quality of life with effect persisting at 1 year. 4 A smaller American randomized, double-blind cross-over study with 48 patients confirmed significant benefit of pacing therapy on outflow gradient and quality of life score but without improved exercise ability. 9 Another small non-randomized study compared 20 patients who, based on patient preference, were treated with myectomy with 19 patients treated by short AV delay pacing. 10 This study reported significantly better reduction in gradient and greater improvement in exercise capacity in the myectomy group than in the pacing group. However, duration of follow-up in the study was longer for myectomy than pacing therapy patients, and the myectomy patients were on average 17 years younger, which may be relevant to their ability to increase exercise performance. These two studies were probably influential in short AV delay pacing being dropped from consideration as first-line intervention treatment in the AHA guidelines for HCM treatment. 1 Pacing therapy continued to be fairly widely used in Europe, at least until the increasing adoption of ASA as an alternative treatment option for symptomatic LVOT obstruction. Long-term results after short atrioventricular delay pacing, and reason for discrepancies
Reports on pacing therapy in HOCM tend to include older patients than myectomy studies. Four of four pacing studies with greater than 2 years follow-up showed a satisfactory relief of LVOTO, 4,11-13 similar to this study. Both Galve et al. 13 and Lucon et al. 12 documented that outflow gradients continued to fall, and exercise ability continued to improve, for more than 1 year after the pacing procedure. Lucon et al. 12 reported 51 patients with an average age of 59 years, and follow-up of 11.5 years with survival rates at 5 and 10 years of 90% and 65%, respectively. Thus, our total pacing group of 88 patients is by far the largest hitherto reported in the literature with very long-term results after pacing therapy. The total survival, including non-cardiac deaths, in our pacing group was 91%, and 70% for survival at 5 and 10 years, similar to Lucon et al's 12 study. One smaller study of 12 months duration (M-PATHY) showed a less good gradient reduction in the 32 of 48 patients who completed the study. 9 This study, however, had an unusual feature of the design in Metoprolol was the most common beta-blocker used, and thus doses of other beta-blockers have been converted to metoprolol equivalents.
Short AV delay pacing in HOCM that after 3 months, there was an attempt to reduce or withdraw medical therapy so that at the end of the study drug therapy was reduced and three patients were drug free. Beta-blocker therapy markedly reduces exercise-induced increase in gradient and improves symptoms and exercise capacity as well as diastolic function as reviewed in Elliott et al.
7
. It is thus hardly surprising that if negatively inotropic drugs were withdrawn outflow gradients and symptoms may deteriorate. We believe that it is of importance that medical therapy continues after intervention and especially beta-blockers. It may be the case that our high use of beta-blocker therapy postprocedure contributes to the low reintervention rate in the pacing group. The report of the M-PATHY study also claimed that pacing therapy was effective only in >65-year-olds (n = 6) 9 but that claim is clearly refuted by our comparative analysis in Table 3 , which confirms equally good haemodynamic results in the <65 year olds (n = 44) as in the > _65-year-olds (n =44). Furthermore, we found no evidence that pacing had inferior survival or haemodynamic results to myectomy in age-comparable groups in our cohort (Tables 3 and 4; Figure  2 ).
Long-term results after myectomy
Long-term results with respect to survival and rate of reinterventions are important in comparing different treatment modalities. The Mayo clinic reported 96% survival at 10 years after myectomy, with 6.2 years of average follow-up. 6 With a longer follow-up, the Stanford clinic reported 81%, and a Swiss group 80%, survival at 10 years. 5, 14 In our single-centre single-region low-volume total myectomy cohort, we report freedom from cardiac deaths at 10 years follow-up of 93%, and total survival at 10 years of 88%. Thus, our survival compares well to large tertiary centres with patients of comparable age at myectomy. Those studies had 11-14% of patients lost to follow-up and did not report reintervention rates. However, in a Cleveland Clinic study, excluding patients <18 years of age, and >65 years at surgery, reintervention rate with surgery was 3.4% over an 8.7year follow-up, 15 the same as in our pacing cohort.
Reintervention rate is considerably higher in patients operated on as children or young adults (range 0.2-20 year), where 14.3% had required additional cardiac surgical procedures during an average follow-up of 8.6 years. 16 This could be compared to our 11.9% rate of repeat LVOT surgery over 12.9 years of follow-up in the total myectomy group, where four of nine patients requiring reinterventions had had their first myectomy <18 years of age. However, even in our > _18-year-old myectomy group, the eventual total reintervention rate was quite high (15.6%). However, all but one reintervention occurred more than 1 year after the first myectomy, most commonly caused by gradual worsening of a moderate residual gradient.
What is the current place for short atrioventricular delay pacing in the treatment of left ventricular outflow obstruction?
It has been claimed that ASA have similar outcomes as surgical myectomy and could become an alternative first-line treatment to surgical myectomy, but randomized comparisons are lacking. 7 However, a recent large study suggested that ASA might be associated with a higher risk of late sudden cardiac death than myectomy, with annual post-procedural sudden death mortality rates of 0.96% and 0.75%, respectively. 17 These figures are substantially higher than the 0.28% sudden death rate observed in our pacing group. Periprocedural mortality is similar for myectomy and ASA, but 7-20% of patients subjected to ASA require permanent pacing, 7 when compared with around 4% after myectomy, 18 although recent ASA studies report lower pacing rates of 4%. 19 Short AV delay pacing is a reversible and non-destructive mode of therapy with lower periprocedural mortality and requiring fewer resources than surgery and ASA. We believe that it is not warranted to virtually discard it as a first-line treatment option as has been done in the 2011 AHA guidelines. 1 The recent ESC guidelines have also relegated short AV delay pacing to a lastchoice option for patients unsuitable for, or unwilling to consider, myectomy or ASA. 7 The good very long-term relief of LVOTO reported by Galve et al. 13 and Lucon et al. 12 was confirmed in our larger study group. It was also noteworthy that our rate of reintervention for LVOTO in the > _18-year pacing group at 3.5% was clearly lower than in our > _18 year old myectomy group at 15.6% (P = 0.007) and clearly lower than comparable age range patients treated with ASA (reintervention rate 9.7%). 17 In a large multicentre study of ASA, reintervention rate was higher still, 10.6% in the <51-year-olds and 10.4% in 51-64 year-olds, 19 and LVOT-gradients was 26 and 27 mmHg respectively 1 month after the procedure. 19 The 51-64-yearolds had 10 year survival of 80%, 19 which compares with our <65-year-old pacing group having a total survival at 10 years of 83%. In summary, the results from short AV delay pacing in our cohort with 100% complete follow-up give no support for the notion that short Figure 2 Final results after first intervention (not immediate post-intervention LVOTO gradients, but prior to any reintervention) compared in groups with most similar age profiles, namely conservative medical therapy (n = 121) vs. the total pacing group (n = 88), and pacing <65 years of age (n = 44) with myectomy > _18 years of age (n = 32). Box-and-whisker plots, with box enclosing two middle quartiles and horizontal line showing the median, whiskers outlining upper and lower quartile values, and with outlier values as dots; conservative (blue), pacing (green), and myectomy (red).
AV delay pacing is an inferior treatment approach to ASA or indeed in adult patients to myectomy. It thus seems justifiable to propose that short AV delay pacing should again be considered as a reasonable first-line option for patients who are less than ideal candidates for myectomy and with significant remaining gradient/and or symptoms on medical therapy. As suggested by Qintar et al. 20 commenting upon a Cochrane review, further larger randomized trials of short AV delay pacing are justified.
There is a complete absence in the literature of randomized studies comparing different interventional treatment approaches for HOCM patients not adequately controlled by medical therapy. It seems unlikely that a randomized study between surgery and either pacing or ASA will ever be carried out. As randomizing patients to long-term placebo pacing would not conform to the Helsinki Declaration, a randomized trial comparing pacing therapy with ASA would seem well justified. Such a trial might be more realistic than a randomized comparison with myectomy. However, no randomized trial is likely to provide the length of follow-up after procedure available in some cohort studies.
Limitations
The findings were generated from a post hoc analysis. Our group of myectomy patients is too small to have statistical power to detect small differences in long-term survival, reflecting the reality of specialized cardiac surgery in nations with small populations (total population in Sweden 2015: 9.85 million). Nevertheless, since our myectomy long-term survival results are comparable to high-volume centres, they appear a fair comparison group for our pacing patients.
Conclusions
Although not being a randomized study, this complete geographical cohort study showed that short AV delay pacing was not inferior to myectomy in the relief of LVOTO long-term. Furthermore, pacing therapy was associated with a low need for later reintervention. Our data support the view that short AV delay pacing should be considered a valid option to treat patients with HOCM.
